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Freshwater MusselsFreshwater Mussels
Nearly 300 species in North America Nearly 300 species in North America 

Occur in every State and all Canadian ProvincesOccur in every State and all Canadian Provinces

35 extinct, 70 listed as threatened or endangered35 extinct, 70 listed as threatened or endangered

Martin Kohl    http://members.aol.com/Mkohl1/FWshells.htmlMartin Kohl    http://members.aol.com/Mkohl1/FWshells.htmlMartin Kohl    http://members.aol.com/Mkohl1/FWshells.htmlMartin Kohl    http://members.aol.com/Mkohl1/FWshells.html



Number of freshwater Number of freshwater 
mussel species mussel species 
historically known to historically known to 
occur within each state occur within each state 
and the percentage  and the percentage  
classified as imperiled classified as imperiled 

Williams and Neves 1995Williams and Neves 1995



Unio Gallery

Juvenile and adult mussels are benthic filter feedersJuvenile and adult mussels are benthic filter feeders

Exposed to pollutants in water and sedimentExposed to pollutants in water and sediment



ObjectivesObjectives

1)1) Determine if select US ambient water quality Determine if select US ambient water quality 
criteria (WQC) would be appreciably criteria (WQC) would be appreciably 
influenced if freshwater mussel toxicity data influenced if freshwater mussel toxicity data 
were included were included 

2)2) Help prioritize research needs for mussel Help prioritize research needs for mussel 
recoveryrecovery



1. Retrieve toxicity data for freshwater mussels 
for pollutants that have EPA WQC criteria

2. Cull dataset based on consensus list of test sensus list of test 
acceptability requirements in the new ASTM acceptability requirements in the new ASTM 
standard (E2455standard (E2455--06)   06)   

MethodsMethods



3.3. Calculate Genus Mean Acute Values (GMAV)Calculate Genus Mean Acute Values (GMAV)
per EPA guidelinesper EPA guidelines

4.4. Add mussel GMAVs Add mussel GMAVs 
to criteria databaseto criteria database

5.5. ReRe--rank GMAVs and rank GMAVs and 
assess mussel ranks assess mussel ranks 
in genus sensitivity in genus sensitivity 
distributions distributions 

MethodsMethods



Test AcceptabilityTest Acceptability

§§Test durationTest duration
§§ 2424--hr glochidia (unless species life history hr glochidia (unless species life history 

indicates longer is appropriate)indicates longer is appropriate)
§§ 9696--hr juvenilehr juvenile

§§>> 90% survival in controls 90% survival in controls 
§§ In vivo transformation of glochidiaIn vivo transformation of glochidia
§§Acceptable water chemistry and measured Acceptable water chemistry and measured 

toxicant concentrationstoxicant concentrations



For exampleFor example……CopperCopper

§§ 217 mussels tests retrieved217 mussels tests retrieved
§§ 126 of those meet test duration 126 of those meet test duration 

recommendations of ASTM recommendations of ASTM 
§§ 115 of those 126 tests met 115 of those 126 tests met >> 90% control 90% control 

survival criteria survival criteria 
•• 20 species in 14 mussel genera20 species in 14 mussel genera



Ranked GMAVs for Copper (1996 AWQC Update)
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Ranked GMAVs for Copper (1996 AWQC Update):
10 most sensitive taxa in the dataset
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Ranked GMAVs for Copper (1996 AWQC Update):
adding data for mussel genera (shaded)
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Ranked GMAVs for Copper (1996 AWQC Update):
adding data for mussel genera (shaded)
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Mussels 4 of the 5 most sensitive genera



For exampleFor example……NonylphenolNonylphenol

§§ 28 mussels tests retrieved 28 mussels tests retrieved 
§§ 14 of those meet test duration 14 of those meet test duration 

recommendations of ASTM recommendations of ASTM 
§§ 10 of those 14 met 10 of those 14 met >> 90% control survival 90% control survival 

criteria criteria 
§§ 7 species in 6 mussel genera 7 species in 6 mussel genera 



Ranked GMAVs for Nonylphenol (2005 criteria document dataset)
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Ranked GMAVs for Nonylphenol (2005 criteria document dataset),
adding data for freshwater mussels (shaded)
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Ranked GMAVs for Nonylphenol (2005 criteria document dataset),
adding data for freshwater mussels (shaded)
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No mussels among 10 most sensitive genera



SummarySummary

171737373232PCPPCP
131321211515NonylphenolNonylphenol
101030302929MercuryMercury
212121212020DiazinonDiazinon
1 (1, 2, 3, 5)1 (1, 2, 3, 5)57574343CopperCopper
131316161515ChlorpyrifosChlorpyrifos
2 (2, 5, 9, 14)2 (2, 5, 9, 14)35352828ChlorineChlorine
151521211717Atrazine (draft)Atrazine (draft)
1 (1, 2, 3, 4)1 (1, 2, 3, 4)42423434AmmoniaAmmonia

Lowest Mussel Rank Lowest Mussel Rank 
(1 = Most Sensitive)(1 = Most Sensitive)

GMAVs GMAVs 
w/Musselsw/Mussels

GMAVsGMAVs
in WQCin WQC

CriteriaCriteria



No data for freshwater No data for freshwater 
musselsmussels

1999 Ammonia Criteria Revision1999 Ammonia Criteria Revision



Ranked GMAVs for Total Ammonia 
(10 most sensitive taxa in the 1985 water quality criteria dataset)
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Ranked GMAVs for Total Ammonia 
(10 most sensitive taxa in the 1985 water quality criteria dataset),

adding data for freshwater mussels (shaded)
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Ranked GMAVs for Total Ammonia 
(10 most sensitive taxa in the 1985 water quality criteria dataset),

adding data for freshwater mussels (shaded)
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Mussels consistently among the most sensitive 
genera



Chronic values for survival and growth 
of mussels 28-d ammonia tests

ChV (survival) ChV (growth)
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WhatWhat’’s it mean?s it mean?

§§ Mussels routinely rank among the more Mussels routinely rank among the more 
sensitive organisms to ammonia and copper sensitive organisms to ammonia and copper 



WhatWhat’’s it mean?s it mean?

§§ Mussels routinely rank among the more Mussels routinely rank among the more 
sensitive organisms to ammonia and copper sensitive organisms to ammonia and copper 
§§ Mussels of intermediate sensitivity to chlorineMussels of intermediate sensitivity to chlorine



WhatWhat’’s it mean?s it mean?

§§ Mussels routinely rank among the more Mussels routinely rank among the more 
sensitive organisms to ammonia and copper sensitive organisms to ammonia and copper 
§§ Mussels of intermediate sensitivity to chlorineMussels of intermediate sensitivity to chlorine
§§ Mussels relatively tolerant of other pollutants Mussels relatively tolerant of other pollutants 

evaluated hereevaluated here



WhatWhat’’s it mean?s it mean?

§§ When compared with other taxa, no one When compared with other taxa, no one 
species, genus, family most sensitive to all  species, genus, family most sensitive to all  
chemicals all of the time  chemicals all of the time  



WhatWhat’’s it mean?s it mean?

§§ When compared with other taxa, no one When compared with other taxa, no one 
species, genus, family most sensitive to all  species, genus, family most sensitive to all  
chemicals all of the time chemicals all of the time 
§§ Mussels sensitive frequently enough to Mussels sensitive frequently enough to 

warrant special consideration warrant special consideration 



§§ Agreement that Agreement that 
mussel toxicity tests mussel toxicity tests 
conducted according conducted according 
to ASTM standard can to ASTM standard can 
be used in WQC be used in WQC 
derivation (USEPA derivation (USEPA 
2005 workshop)2005 workshop)

http://www.epa.gov/waterscience/criteria/ammoniahttp://www.epa.gov/waterscience/criteria/ammonia

StatusStatus



Research needs:Research needs:

§§ Longer chronic testsLonger chronic tests

§§ Additional sublethal endpoints, like reproductionAdditional sublethal endpoints, like reproduction

§§ Expand this comparative toxicology database to Expand this comparative toxicology database to 
help prioritize pollutants at field sites (lead, help prioritize pollutants at field sites (lead, 
cadmium and zinc data emerging)cadmium and zinc data emerging)

RecommendationsRecommendations



§§ Add freshwater mussels Add freshwater mussels 
to the minimum dataset to the minimum dataset 
requirements for criteria requirements for criteria 
developmentdevelopment

Note:  mollusks and Note:  mollusks and 
amphibians considered as amphibians considered as 
additional dataset additional dataset 
requirements in 1990requirements in 1990’’ss

RecommendationsRecommendations



ThanksThanks
USGS Columbia Environmental Research CenterUSGS Columbia Environmental Research Center

Ning Wang Ning Wang 
USFWSUSFWS

Sara Ward, Cindy KaneSara Ward, Cindy Kane
North Carolina State UniversityNorth Carolina State University

Robert Bringolf, Greg CopeRobert Bringolf, Greg Cope

USEPA USEPA –– Office of WaterOffice of Water



““How did these beautiful rainbowHow did these beautiful rainbow--tints get into tints get into 
the shell of the freshthe shell of the fresh--water clam, buried in the water clam, buried in the 
mud at the bottom of our dark river?mud at the bottom of our dark river?””
ThoreauThoreau


